Intervention for higher-risk participants of health checkups especially with diabetes has been started in Japan to prevent renal replacement therapy (RRT) initiation, but evidence about RRT initiation risk among checkup participants has been scarce. To estimate the incidence by risk factors, we conducted a retrospective cohort study using medical claims and checkup data of a community-based insurance scheme in Japan. Beneficiaries who participated in the checkup in 2012-2013 were included and followed up for about five years. We estimated the incidence of RRT initiation by the subject characteristics, followed by investigation for risk factors in bivariate analyses and multivariable regression analyses with Bayesian prior probability distributions. As a result, among 49,252 participants, 37 initiated dialysis (0.21/1,000 person-years); no kidney transplantation was performed during the period. Baseline estimated glomerular filtration rate was strongly associated with dialysis initiation. No dialysis was initiated among those without baseline hypertension; cumulative incidence by hypertension status was significantly different (p < 0.001). Diabetes was significantly associated with dialysis initiation in bivariate analysis, but the association was not significant in multivariable regression analysis [reference: no diabetes; incidence rate ratio (IRR) for diabetes without medication, 3.30 (95% credible interval, 0.48-15.56); IRR for diabetes with medication, 1.69 (95% credible interval, 0.68-3.47)]. In conclusion, potential risk factors for RRT initiation include male sex, comorbid hypertension, and current smoking status, in addition to advanced chronic kidney disease, proteinuria, and diabetes. New initiatives should consider these factors to increase the efficacy of the programs at the population level.
Introduction
Chronic kidney disease (CKD) can deteriorate into end-stage renal disease (ESRD) that eventually requires renal replacement therapy (RRT). In Japan, over 40,000 patients initiated dialysis in 2016; over 330,000 patients are on dialysis (Masakane et al. 2018) , whereas kidney transplantation is much less common (1,600 patients/year) (Japanese Society for Clinical Renal Transplantation and The Japan Society for Transplantation 2017). RRT not only undermines the quality of life but also raises national medical expenses; thus, preventing RRT, especially dialysis, is one of the most critical public health issues in Japan. Diabetic nephropathy (DN) accounts for 40% of dialysis incidence and prevalence in Japan (Masakane et al. 2018 ).
The National Health Insurance (NHI) is one of the health insurance plans that constitute universal healthcare coverage in Japan (Ikegami et al. 2011) . Each NHI insurer is run by a local municipality; this community insurance mainly covers self-employed persons, pensioners, and unemployed residents of the region and their dependents, whereas those aged 75 or older as well as those aged 65 or older with a certified disability are covered by the Medical Care System for Elderly in the Latter Stage of Life, a separate entity. Since 2016, the Government of Japan has introduced a system to financially encourage NHI insurers to increase the efficacy of medical expenses (Ministry of Health, Labour and Welfare 2017) . Among these measures, the Project to Prevent the Worsening of Diabetic Nephropathy attempts to reduce the number of patients with ESRD requiring RRT in the following ways: 1) detection of higher-risk beneficiaries with diabetes based on the results of specific medical checkup and medical claims data that are owned by the insurers, and 2) intervention of these patients by public health nurses through several measures such as health education, dietary counseling, and medical consultation facilitation. A majority of NHI insurers have started or have planned to start these measures. As shown in its name, the targets of the projects are mostly patients with diabetes; they are further classified into strata by known risk factors of kidney deterioration.
Some previous studies reported that declined estimated glomerular filtration rate (eGFR), proteinuria, and higher blood pressure were risk factors of further decreased eGFR from participants of health checkup in Japan (Imai et al. 2008; Hirayama et al. 2015) . Meanwhile, assessment of more critical health outcome, the incidence of RRT initiation, stratified by risk factors using health checkup and claims data in Japan has been rarely reported. Furthermore, whether the focus should be on DN rather than CKD has not been clarified. Analysis of these real-world data available for insurers to estimate absolute risk or the corresponding incidence should be useful when insurers plan for appropriate strategies to capture subjects at higher risk.
In this study, to identify factors that can be utilized to determine patients at higher risk for RRT initiation, we determined the risk of RRT initiation across various subject subgroups using the specific health checkup and medical claims data obtained from a local municipality.
Materials and Methods
We conducted a retrospective longitudinal study using the medical claims and specific health checkup data of the NHI insurer operated by a large city within the Tokyo metropolitan area in Japan. Specific health checkup, based on the Act on Assurance of Medical Care for Elderly People, aims to screen and prevent metabolic syndrome and is performed at healthcare centers or hospitals/clinics (Matsuzawa et al. 2011) . In Japan, insurers must offer the opportunity for a specific health checkup to their beneficiaries aged 40 to 74 years. Under a research agreement between the city and the University of Tokyo, the specific health checkup and medical claims data were obtained in an anonymous format. The study protocol was approved by the University of Tokyo Institutional Review Board (No: 10834). Consents from the beneficiaries were waived as the data were used in an anonymized format.
This study included specific health checkup and medical claims data from April 2012 to January 2017. The RRT prevention project had not yet been conducted in the city during this period. Among the beneficiaries of the insurance, only participants of the specific health checkup from May 2012 to March 2013 were included. Subjects were excluded if their insurance coverage during the previous and the exact months of the health checkup was not confirmed. Besides, patients who were already on RRT before the checkup date were excluded from the current study, and 49,252 subjects were included in the final analyses (Fig. 1) .
Measurements
RRT initiation was defined based on the earliest appearance of the medical claims for RRT, which included hemodialysis, peritoneal dialysis, and kidney transplantation. For diabetes, the subjects were categorized into the following categories: patients with antidiabetic medication, patients with diabetes (HbA1c ≥ 6.5%) not on antidiabetic medication, and those without apparent diabetes. We did not use the data of blood sugar for the definition of diabetes because the fasting status was not guaranteed. For hypertension, the subjects were categorized as follows: those on antihypertensive medication, those with hypertension but not on medication (blood pressure ≥ 140/90 mmHg without antihypertensive medication), and those without apparent hypertension. Detailed information about these variables was described in Table 1 . We included the answer to the question on medication use in the questionnaire because prescription information before the specific health checkup may not have been obtainable from claims data especially on patients who participated in the checkup earlier in the fiscal year 2012.
We also extracted information on body mass index (BMI), eGFR, urine protein, and current smoking status from the specific health checkup data. According to BMI, subjects were categorized as overweight or obese (≥ 25 kg/m (Matsuo et al. 2009 ), using the CKD staging as follows: G1 or G2 (eGFR ≥ 60 mL/min/1.73m
2 ), G3a (45 ≤ eGFR < 60), G3b (30 ≤ eGFR < 45), G4 (15 ≤ eGFR < 30), and G5 (eGFR < 15), whereas those with an eGFR over 500 were considered as outliers (n = 1). Categorization according to urine protein included "negative or negative/positive" and "1+ or greater." The subjects were categorized into smokers and nonsmokers based on the current smoking status at the time of specific health checkup. The information on sex and birth month were obtained from the beneficiary's register; age was defined based on the month of the specific health checkup, categorized into the < 60, 60-69, and ≥ 70 age groups. (Hirayama et al. 2015; Nishikawa et al. 2017) .
Statistical Analysis
First, subject characteristics at the time of the specific health checkup as well as the incidences of RRT initiation according to the subject characteristics were analyzed. We used Kaplan-Meier method to describe cumulative incidences of RRT initiation according to specific subject characteristics. The month in which the specific health checkup was conducted set as time zero; Time to the first event was defined as the interval between time zero and the month in which the first RRT occurred. Data were censored at the final month of the insurance coverage period for the subject or the final month of observation (January 2017) for subjects who did not experience the events. Cumulative incidences among the groups were compared using the log-rank test.
For adjusted incidence rate ratios, multivariable Poisson regression analyses were conducted to control for covariates. A generalized linear model with a log link and Poisson distribution were used to model the incidence of RRT initiation according to the subject characteristics (age group, sex, diabetes mellitus, hypertension, BMI category, current smoking, CKD stage, and proteinuria). Because the incidence of RRT was low, no events were observed when stratified by some covariates. For example, no RRT initiation was observed among the subjects without hypertension. Therefore, a Bayesian approach (Greenland 2006 ) was used for the multivariable Poisson model with a vague normal prior distribution for ln (incidence rate ratio) (mean = 0.00, variance = 34.5) adopted for factors except for CKD staging and proteinuria. This variance of prior corresponds to a 95% probability for an incidence rate ratio between 0.05 and 20. The 3) systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg during the specific health checkup. In contrast to the antidiabetic medications, drugs with antihypertensive effects can be used for other purposes such as arrhythmia, angina pectoris, and congestive heart failure; thus, the medications were considered to be used specifically for hypertension only when the drugs listed were on the same claims with the ICD-10 (International Statistical
Classification of Disease and Related Health Problems, 10th Revision) code of I10-I15 for the diagnosis of hypertension. Table 1 . Detailed information on variables.
analyses were repeated among the subjects only in stage G1-G3 CKD at baseline, because we wanted to investigate the risk factors among patients with less severe CKD and the association between the factors other than CKD staging and the incidence of RRT initiation might differ by CKD staging. Besides, hypertension among those in severer CKD stages may be caused by the impaired kidney function itself; the analysis restricted to patients in stage G1-G3 CKD at baseline would indicate the causal relationship from hypertension to renal replacement therapy initiation more strongly. Additionally, several post hoc analyses were performed to assess appropriate targets of future interventions for RRT prevention by identifying higher-risk strata of RRT initiation. First, the incidence of RRT initiation was calculated among the subjects with diabetes in stage 3 DN stratified by sex, comorbid hypertension, and smoking status. Next, the incidence of RRT initiation was calculated among the subjects without diabetes in stage 3A and 3B CKD stratified by sex, comorbid hypertension, smoking status, and proteinuria. These analyses enabled us to compare the risk among the patients in CKD stage G3b without DM (who may not be the targets for the intervention) and that among the patients in stage 3 DN (who are currently targets for the intervention).
All statistical analyses were performed upon complete data using Stata 14.1 (StataCorp, College station, TX, USA) and SAS 9.4 (SAS Institute Inc, Cary, NC, USA). Table 2 shows the characteristics of the subjects included in the present study. Over half of the subjects were in their 60s (mean age: 64.6 years old); approximately 10% were current smokers; 74 (0.2%) subjects with stage G4 CKD and 22 (0.05%) subjects with stage G5 CKD underwent specific health checkup. Among the subjects with diabetes, 490 (12.5%) and 32 (0.8%) were in stages 3 and 4 DN, respectively. Out of a total of 49,252 subjects (described in Fig. 2 ), contributing to 177,228 person-years, 37 subjects initiated RRT; none of those underwent kidney transplantation, whereas peritoneal dialysis was administered in one subject. Fig. 2 shows the cumulative incidence for RRT initiation based on subject characteristics. For diabetes ( Fig. 2A) , the difference of the curves was significant between no diabetes and diabetes without medication (p = 0.02) and between no diabetes and diabetes with medication (p < 0.001), where the difference was not significant between diabetes with medication and diabetes without medication (p = 0.23). For hypertension (Fig. 2B) , the three curves were significantly different (p = 0.005 between no hypertension and hypertension without medication, p < 0.001 between no hypertension and hypertension with medication, p = 0.002 between hypertension with medication and hypertension without medication). For smoking (Fig.  2C) , the two curves were different (p = 0.001). For kidney function (Fig. 2D, E) , the stage-stratified cumulative incidence was clearly illustrated; the differences between the adjacent pair of the curves were all significant (p = 0.007 between G1 or G2 and G3a, p < 0.001 between G3a and G3b, p < 0.001 between G3b and G4, and p < 0.001 between G4 and G5). P values shown here were not corrected for multiple comparisons.
Results

Characteristics, incidences, and cumulative incidences
Multivariable regression analyses with and without prior distribution
In the multivariable regression analyses (Table 3) , the coefficient of hypertension variable did not converge in the Poisson regression without prior distribution; it converged within the meaningful range in the Bayesian Poisson regression with a vague prior distribution. In the model with Bayesian Poisson regression, we found considerably higher incidence rate ratios for the stages G4 (195.96; 95% credible interval, 55.14-581.38) or G5 (1,237.19; 95% credible interval, 447.51-4,469.36) CKD, with reference to the stages G1 or G2 CKD and low incidence rate ratios for no hypertension (0.01; 95% credible interval, 0.00-0.16) with reference to hypertension with medication. Compared to the absence of diabetes, diabetes without medication and diabetes with medication at baseline were insignificantly associated with 3.30-fold (95% credible interval, 0.48-15.56) and 1.69-fold (95% credible interval, 0.68-3.47) higher incidence, respectively. Male sex, smoking, and overt proteinuria were associated with higher incidence of RRT initiation; however, the associations were not statistically significant. In the analyses for the subjects with stage G1-G3 CKD at baseline only, we additionally set prior information for the age category; the results were similar to those obtained with regression for all study subjects, although the point estimates of the coefficients for sex, diabetes, and hypertension deviated further from the null.
Post hoc analyses focusing on stage 3 DN and stage G3a and G3b CKD without diabetes
We then analyzed focusing on stage 3 DN and stage G3a and G3b CKD without diabetes (Table 4) . Briefly, the estimated incidences of RRT initiation among the subjects with stage 3 DN (1.18/1,000 person-years) increased when restricted to males (1.64/1,000 person-years), those with hypertension (1.43/1,000 person-years), and those currently smoking (2.29/1,000 person-years). The incidence among the subjects with stage G3b CKD without diabetes was comparable to that among the subjects with stage 3 DN (1.23 vs. 1.18/1,000 person-years), whereas that among the subjects with stage G3a CKD without diabetes was quite low (0.10/1,000 person-years). Restriction by risk factors (male sex, comorbid hypertension, current smoking, and overt proteinuria) increased the incidence of RRT initiation for both groups.
Discussion
Using specific health checkup data and five-year medical claims data of an NHI scheme in Japan, we successfully showed that incidence of RRT initiation by risk factors for the whole and G3 stages of CKD was calculable from claims and health checkup data. To our knowledge, this is the first study to calculate the incidence of RRT initiation during a five-year period stratified by risk factors based on the analysis of specific health checkup data and medical claims data of beneficiaries of an NHI insurer in Japan. The obtained evidence would facilitate the risk stratification of beneficiaries for the Project to Prevent the Worsening of Diabetic Nephropathy in the following ways. First, hypertension was a predictor of RRT initiation with high sensitivity. Information related to comorbid hypertension can be used to screen for individuals with RRT initiation risk at baseline. The additional analysis restricted to Table 3 . Association between the baseline subject characteristics and renal replacement therapy initiation a .
a Multivariable regression analysis using generalized linear models with Poisson distribution and Bayesian analyses. b Data with missing variables (n = 729 for all subjects and n = 55 for subjects with State G1-G3 CKD at baseline only) were excluded from the regression analyses. c Includes subjects who were 39 years old at the time of the health checkup but were 40 years old at the end of the fiscal year 2012. CKD, chronic kidney disease; IRR, incidence rate ratio; CI, confidence interval.
those with stage G1-G3 CKD also corroborated that hypertension at baseline could be an indicator to screen for those who are at higher risk of RRT initiation among those in less severe CKD stages. Second, while diabetes was a risk factor for RRT initiation, subjects without diabetes, such as those with stage G3b CKD and those with proteinuria, may also be good candidates for preventive interventions with appropriate risk stratification. Third, smokers may be good candidates for intervention. Five years may be relatively short to comprehensively overview the effects of these risk factors on the incidence of RRT initiation; future studies in other areas, with a longer duration of follow-up, are necessary to verify the general applicability of the current study findings.
Several previous studies have investigated the absolute risk of RRT or ESRD. The Kidney Disease: Improving Global Outcomes (KDIGO) conducted meta-analyses on the relationships of eGFR and albuminuria with mortality, cardiovascular risk, and kidney outcomes ; van der Velde et al. 2011; Fox et al. 2012 ), which were used to create the heat map shown in the KDIGO 2012 Clinical Practice Guideline Levin et al. 2013) . Overall, the incidence rate ratios in the present study were comparable to the relative risks shown in the KDIGO heat map. The community-based cohort study in Okinawa showed that BMI was associated with the development of ESRD, which was not observed in the present study (Iseki et al. 2004 ). This discrepancy may be due to the differences in region, the observation period, or the distribution of covariates (e.g., eGFR at baseline, which was not observable in the study by Iseki et al. (2004) . Several other studies examined the incidence of ESRD stratified by eGFR or albuminuria as well (Tonelli et al. 2011; Coresh et al. 2014; Wada et al. 2014; Tanaka et al. 2015) . Nishikawa et al. (2017) used data from one employer-based insurer, including health checkup and claims data, to investigate the risk of dialysis initiation among male workers in Japan. The incidence according to eGFR level in their study was not different from that found in the current study, except for the rate of the subjects with stage G3b CKD (12.5/1,000 by Nishikawa et al. (2017) vs. 2.57/1,000 in the present study); the discrepancy might stem from differences in patient characteristics, such as sex, age, and employment status, as well as the observation periods (2006-2013 vs. 2012-2017) . Smaller sample size may also have caused larger chance errors and resulting discrepancies, especially in the stratified analyses.
The strength of the present study is that we successfully estimated the incidence of RRT initiation by risk factors using a real-world database of health checkup data and medical claims data as a retrospective cohort database. The incidence rates themselves, rather than incidence rate ratios, would be useful when policymakers assess the effectiveness of the Project to Prevent the Worsening of Diabetic Nephropathy. Also, now the insurers or municipals are encouraged to use health checkup data and medical claims data for health promotion, our method would be especially useful to insurers or municipals for estimating the incidence of RRT initiation by risk factors based on their own data, which would serve as compelling evidence of policymaking.
The present study has several limitations. First, we targeted only on those who underwent specific health checkup in 2012. The candidates of the Project to Prevent the Worsening of Diabetic Nephropathy were often selected from those who participated in specific health checkup in most municipalities; risk stratification among the participants is therefore essential. However, the obtained results were neither generalizable to non-participants of specific health checkup nor comparable to those from the previous community-based studies. For example, the municipalitybased NHI held more females than the general population. The present study results should be generalized with caution using strata-specific incidences. Second, because of the observational study design stratified by the minimum number of factors, a causal relationship between the factors and RRT initiation cannot be concluded. Third, potential misclassification of variables is possible. For example, some subjects might have underreported their actual use of antidiabetic medication. Fourth, the study lacked information on the socioeconomic status (SES) of subjects. The increased risk among smokers may have been caused by confounding by SES because subjects with lower SES are more likely to be smokers, and lower SES might be an independent risk factor for RRT initiation (Fored et al. 2003; Volkova et al. 2008) . The results, however, are still useful for risk stratification, as identification of subjects currently smoking and tailoring interventions to that specific group can be a practical intervention approach. Fifth, transfer to other schemes or death were not captured in the current study. For example, subjects aged 65-74 years might have transferred from the National Health Insurance to the Medical Care System for Elderly in the Latter Stage of Life when beneficiaries were qualified based on the disease or disability. If some subjects were qualified and left the National Health Insurance just before RRT initiation, this might have led to an underestimation of the RRT initiation risk. Meanwhile, the degree of underestimation is predicted to be none or small, given that the current disease/ disability qualification process usually takes several months and often happens after the initiation of dialysis; therefore, we suppose that we could capture the initiation of dialysis among these patients even though they eventually transferred to another insurance system. Sixth, the number of outcome events was small within the current study cohort, partly because the shorter observation period compared with the previous community-based cohort studies (Iseki et al. 2004 ) and the selection from health checkups; the timing of RRT initiation can differ among physicians and regions. To increase the precision and to obtain more generalized evidence, the study analyses should be conducted on data from other insurers, or pooled analysis is needed. However, the present results may be very informative especially for the insurer and its beneficiaries who were the source population of the study. Seventh, some may think that the comparison between patients with stage 3 diabetic nephropathy and patients with stage G3 chronic kidney disease without diabetes was not appropriate. Although we understand that the comparison appears to be unusual from the viewpoint of clinicians, this comparison was conducted mainly to reevaluate the appropriateness of the Project from the viewpoint of policymakers or insurers who would think that the result is useful. Eighth, the effect of future programs targeting the risk factors on RRT prevention at the individual level was beyond the scope of this study. Even though we found higher-risk strata for RRT initiation in the present study, a higher absolute risk is only a prerequisite for a lower number needed to treat (or a higher absolute risk reduction) (Bender 2005) . Future studies should investigate effective programs for RRT prevention in higher-risk subjects.
In conclusion, the current study has revealed that certain factors such as male sex, comorbid hypertension, and current smoking status, in addition to CKD staging, proteinuria, and diabetes, may confer a higher risk for RRT initiation. Even in the absence of diabetes, the risk of RRT initiation was quite high among subjects with more advanced CKD stage. Projects for RRT reduction that target subjects with these risk factors with or without diabetes might be the most efficient approach for the entire population. Given that an RRT prevention program enrolling candidates based on their diabetes and DN stage has been initiated in Japan, consideration of other factors including hypertension might increase the efficacy of the program at the population level.
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